Introduction
The two major cell types known to harbor HIV, the etiologic agent of AIDS, are the CD4+ T lymphocyte (1) (2) (3) and the monocyte/macrophage (4-6). The recently described ability ofboth cell types to harbor microbiologically latent HIV (7) (8) (9) (no viral expression but remaining inducible to produce infectious virus) suggests a mechanism for viral persistence during the long asymptomatic period seen in AIDS (1O, 11 ). Although the selective depletion of the CD4+ T cells in advanced AIDS results in increased susceptibility to opportunistic infections, neoplasia, and eventual death, the role of the HIV infected monocyte in the pathogenesis ofAIDS has not been fully elucidated. It is clear that the monocyte/macrophage serves as a viral reservoir, as HIV has been detected in tissue macrophages of the brain and other organs ( 12, 13) as well as blood monocytes (4) (5) (6) . Increasing evidence suggests that the monocyte/macrophage is mainly responsible for the neurological effects seen in AIDS (14) (15) (16) .
Using the cell line THP-1 as a tissue culture model system, we have recently shown that HIV-1 can exist in a latent state for many months in monocytoid cells (9) . This latent provirus could be activated to infectious virus by treatment with 5-azacytidine. However, a variety ofcytokines and other agents that increase viral expression in chronically infected cells (17) (18) (19) (20) did not induce latent virus. These studies were extended to determine if physiological stimuli could induce expression of virus from latently infected THP-1 cells.
Recently, it was shown by Schrier et al. (21 ) that Con A-activated T cells could upregulate HIV expression in monocytes and provide a permissive host for HIV transmission during an immune response. We found that coculture oflatently infected THP-1 cells with normal Con A-activated T cells also induced HIV expression from these latently infected cells. These results afforded us the opportunity to ask if latency occurs in monocytes in vivo as well as to test the physiological relevance of immune activation of latent HIV expression in monocytes of infected individuals and subsequent infection of T cells.
Methods
Cell lines. THP-1, L-THP-1 (THP-l latently infected with HIV), 8E5 (a cell line containing one copy of HIV-1 DNA) (22) , HUT-78, and HUT-102 cell lines were maintained in RPMI with 10% FCS, penicillin ( 100 ,g/ ml), streptomycin ( 100 ,ig/ml), and glutamine (300 Alg/ml). Isolation ofnormalperipheral blood cells. Buffy coats from normal healthy donors were used as previously described (23). Briefly, mononuclear cells separated by Ficoll-Hypaque gradient centrifugation were depleted of monocytes by centrifugal elutriation. Highly purified T cells were then isolated by nylon wool columns followed by discontinuous Percoll gradients as described (24) . T cells were either activated with Con A (5 gg/ml) or PHA (1 gg/ml) for 48 h, grown in IL-2-containing media or further separated into CD4+ and CD8+ subsets using magnetic bead technology as previously described (25) .
Isolation of monocytes from blood of HIV-infected individuals. HIV-l seropositive asymptomatic blood donors have CD4+ T cell counts and immunologic profiles within normal ranges and are either virus culture positive or negative (26, 27) . PBMC were obtained from 30-50 ml of peripheral blood of these donors, as described above. T cells were removed by complement depletion using OKT3 antibody; resuspended in RPMI supplemented with 5% human AB serum (Irvine Scientific, tested HIV negative, Irvine, CA) at 2-4 x 106/ml and adhered to six-well plates. At Infections. I07 cells in log phase growth were infected with 100 MJ of cell-free supernatants as previously described (9, 28 ). An isolate of HIV-1 obtained from activated T cells (28) was used to infect both monocytoid cells (THP-1; reference 9) and T cells (Hut 78 and Hut 102; reference 28). Viral p24 antigen, as a measure of infectivity, was determined on tissue culture supernatants or on cell pellets lysed with 1% Triton X-100 by ELISA (Cellular Products, Buffalo, NY) according to the manufacturer's specifications with a sensitivity limit of 10 pg/ml.
PCR analysis ofRNA/DNA products. Nucleic acids were isolated by the guanidine thiocyanate method previously described (29) . Am Plasma membrane isolation. 48-60 h. Con A-activated normal T cells were washed twice in lysis buffer (10 mM Tris/HCl, pH 7.4, containing 1 mM MgCI2 and 1 mM CaCl2) and broken by dounce homogenation in lysis buffer equal to 1% the original volume. The cell-free lysate was centrifuged at 700 g for 10 min. The pellet was washed once in lysis buffer and the two supernatants combined were then centrifuged at 5,000 g for 10 min. The plasma membranes remain in the supernatant fluid, which was applied to a discontinuous sucrose gradient of0.25, 1.37, 1.48, 1.60 M, and centrifuged at 25,000 rpm in a rotor (Beckman SW; Beckman Instruments, Fullerton, CA) for 4 h. The plasma membranes, found at the 0.25-1.37 M interface, are removed, diluted 1:4 with TK buffer (50 mM Tris/HCI, pH 7.4; 5 mM MgCI2; 5 mM CaCI2; 25 mM KCG), and centrifuged at 70,000 g for 90 min. Membranes were used in the activation studies at a final concentration of 100 Mg/ml.
Results
Immune activation ofTHP-I with latent HIV-J infection. Since direct, HLA-DR-restricted interactions between T cells and monocytes are involved in many aspects of the immune response, we determined if T cells could induce HIV expression from latently infected THP-1 cells (LTHP-1). THP-1 cells have accessory cell function (35, 36) in that they can replace the requirement for monocytes in stimulating the proliferation of Con A-activated T cells, a response that is not HLA-DR restricted. Thus, LTHP-l cells were cocultured for 7 d with purified normal (HIV-negative) donor T cells activated with Con A 48 h before coculture. Viral expression was measured by gene amplification using PCR technology (30) (31) (32) (33) (34) . Normal Con A-activated T cells induced HIV RNA expression in LTHP-l cells (Fig. 1 , lane 3) using primers to both gag ( (37) , these adherent monocytes rapidly lose their CD4 positivity. The monolayers were cocultured with and without normal Con A-activated T cells for 7-10 d. After 10 d, the adherent cells incubated in media alone remained CD3 and CD4 negative and Leu M3 positive with a differentiated monocytoid appearance, but now only 50-60% of the cells stained weakly for esterase as previously described (21, 37) . The cocultured T cells in suspension were removed from the adherent layer and supernatants assayed for p24 antigen. Monolayers were washed with PBS and nucleic acids were isolated as described in Methods.
The cells were then tested for HIV RNA expression. After reverse transcription of total RNA, cDNA was amplified by PCR (Fig. 2) . Amplified products specific for HIV were detected only in the reverse-transcribed samples from monolayers incubated in the presence of Con A-activated T cells both for spliced tat (Fig. 2 A, lanes 5, 9, and 11; Fig. 2 B, lanes 5, 7, and 9) or gag (data not shown). In contrast, monocyte monolayers incubated in media alone showed no HIV-specific amplified products (Fig. 2 A, analysis of the DNA isolated from these monocytes revealed HIV-specific sequences for gag and tat in only 9 of 21 individuals ( Fig. 3 A lanes 1, 6 , and 8; Table II ). However, DNA as well as RNA could be detected in the peripheral monocytes of 17 of 21 individuals after coculture with normal Con A T cells (Table I ). The same four individuals were negative for both DNA and RNA. Primers for GAPDH show that the amplification of the DNA samples was of similar magnitude (data not shown). The limit ofdetection in our system as determined by PCR on serial dilutions of the 8E5 cell line was 1 infected cell/ 100,000 cells (Fig. 3 B) . This sensitivity is the same as that previously reported (34, 38 (Table II) . These results provide strong evidence that neither contaminating T cells nor virus-producing cells are responsible for the HIV expression induced in these monocytes.
Next, the conditions necessary for T cells to activate latent virus were studied. First, cell contact was required, as Con Aactivated normal T cells seeded into chambers with 4-,gm porefiltered bottoms placed into culture wells previously seeded with adherent patient monocytes failed to activate virus (Fig. 4  B, lane 8) . In addition, supernatants from Con A-activated T cells could not stimulate HIV expression (Fig. 4 B, lanes 4 and provirus was latent in the peripheral monocytes of these infected individuals but that levels of HIV DNA in eight monocyte cultures inducible for viral expression were below the detectable limits of the PCR analysis. Despite the low levels of latently infected monocytes in these cultures, the cells could still be induced by uninfected Con A-activated T cells to produce infectious virus.
Mechanism of immune activation of HIV-I from latently infected monocytes. Next, the nature of the immune activation was further studied. For HIV activation from patient monocytes, partially purified plasma membranes from Con A-activated T cells could replace the need for whole cells (Fig. 4 A,  lane 11) . To determine if proliferating normal T cells were needed, parallel cocultures of patients' monocytes were set up with either Hut-102 or Con A-activated normal T cells. Hut-102 cells were not infected (Fig. 4 A lanes 5 and 8) whereas parallel cultures with activated T cells were virus positive (Fig.  4 A, lanes 6 and 9) . In addition, coculture of LTHP-l with Hut-102 did not result in viral activation even after 6 wk of cocultivation (Fig. 4 A, lane 3) . It was possible that Hut-102 cells were neither sensitive for HIV-1 transmission nor permissive to infection by the strain in patients' monocytes. However, we could consistently detect 10 U1 infected cells cocultured for 7 d per 1 X 107 normal monocytes using Hut-102 (Fig. 4 A,  lane 13 ), but not one infected cell (Fig. 4, A, lane 12) . In addition, to demonstrate that this viral activation resulted in production of virus that could infect Hut-102, viral transmission experiments using supernatants from these original cocultures were performed using Hut-102 and activated T cells as secondary cocultures (Table II) . In every case where activated virus was detected in the supernatants of stimulated monocytes, this virus could be subsequently transmitted cell free to both activated T cells and Hut 102 (Table II) . In contrast, none of the initial Hut-102 cocultures activated virus. Thus, these data show that HIV was truly latent in these monocytes and The presence of silently infected monocytes capable ofproducing virus during an immune response has some therapeutic implications. Since these latently infected monocytes may become long-lived tissue macrophages, it would be difficult to eliminate these cells. Thus, it would be important to determine whether a combination of immune stimulation plus antiviral therapy is capable of eliminating latently infected monocytes. Such an approach could make currently available antiviral agents more effective in vivo by eliminating an important reservoir ofvirus that may intermittently reactivate and infect uninfected T cells.
